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THE EFFECT OF EXTZRNAL SHAPE UPON THE DRAG OF A SCOOP

By Irven Haiman aﬁd Paui R, Eiil
SUKMARY

The principles of HACA cowling deslgn may be applied
to0 scoop fairing. Six sccoopse were bullt and tested to
show the advantege of using these principles. Thrae of

" the scoops had a good nose contour with different after-

body lengths, and three were of inferior nose shape.

The best scoop tested lncreased the drag coefflcient
of the alrplane by C.0013, although its froantal area was
over one-fifth that of the fuselage. The critical speed
with the beat nose tested was 400 miles per hour. The
poorest scoop, with same entrance area but smaller frontal

" area, practicelly doubled the drag of the airplane.

The drag with long afterbodies was fouvnd to be falrly
insensitive to large changes in length. The longest after-
body tested, with a length of eleven times 1ts depth, ap-
peared to be most favorable.

An appeandlix gives a methodéd of obtaining the dimensions
of a scoop that will give tae lowest drag for a given ap~
Plication. In the determinstion of these dimenslons the
power cost of frontal ares 1s balanced asgalnst the power
cost of internal exransion losses. The analysis shows that
a2 low form drag scoop with low veloclty entrance glves the
best practical compromiss.

INTRODUCTION

-

In the-past, airplanes have been designed with a great
many scoops upon the surfacéi some have falrly bdrlestled
with scoops. It 18 generally realized today that these
protuberances are a source of considerable drag and that
the .number and size should therefore be reduced as much as
possible, Vhile the most efficient way to take in the
cooling and engine alr required by an airplane is at the
front stagnation point (fuselage or nacelle), in many air-
cooled engine installationd, due to inadequate frontal-
opening, additional alr must be brought in through scoops




for auxiliaries such es intercoolersend oil coolers. It

is also current practice on most liquid-cocoled engine in-
stallations to house the glycol and oil coolers in a duct
under the fuselage or nacelle. The present investigation
was undertaken to determine the cost of a scoop lnstalla-
tion on which the principles of the NACA cowling (reference
1) hed been applied. Tnese prirciples include & nose shape
of sufficient curvatuvre so that breakaway doee not occur
ovar the lip of the duct at any flight attitude, and an
entrance large enough to insure small internal expansion
loss: There are presented herein several deslgns of ducts
in which the nose and afterbody shapes were varied.

APPARATUS AHD TESTS

‘The scoop tests were made on a O,4-scale model of the
XP~-41 airplane witn a revised fuselage 25 percent longer
than thes original one. The model included canopy and open-
nose cowling with air flow, but no tail surfaces. It was
assumed that tall surfaces would have no effect on the
tests.

The tests were run in the 19-foot pressure tunnel at
a dynamic pressure of 50 pounds per square foot and at a
Reynolds number of epproximately 3 X 10° based on the mean
wing chord. The model was supported on the usual airfoll
supports and on a special tail support having a high fine-
ness ratio to minimize buoyancy effects. Lift and drag
measurements were made over an angle-of-attack range from
-2%9 to 20°,

Six scoops, designated A to ¥, were tested on tke
bottom of the fuselage. The layout of the test arrange~
ments showing the contours of these scoops is glven in
figures 1 and 2. All of the scoops had the same area of
nose opening, approximately 47 square lnches. Scoops A
to D have well=rounded noses, increasing the projected
frontal area to 113 square inches. (The projJected fuse~-
lage frontal area is 502 square inches.) These scoops in-
crease the over-all depth of the fuselage 71/, inches.

This large size was used in order to obtain accuracy in
testing. Scoops A to C have the same nose with afterbodles
of successively decreasing lengths (fig. 1). The nose con-
tours may be seen in figure 3. As.the nose contour ap-
proaches the intersection with the fuselage all radii of
curvature -greatly increase. ' A streamline‘nose is also pro-
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vided and was tried ‘on scoop A (fig. 1). The afterbodles
are tapered mostly in depth end very little 1n width.
Scoop A was provided with an exit slot 10 inches long and
widths of 0.3 inch, 0.6 inch, and a 30° flap opening to
1.7 inches (figs, 1, 4, and B). The exits for scoops B
and C were obtained by an alternate tall with the end cut
off (fig. 6). .

Scoop D (figs. 6 and 7) has the medium afterbody of B,
but has & stharp-esdge nose resulting from a simple sheet-
metal construction. However, the longltudinal contours of
the nose~lip ere well rounded on both the bottom and sides.

Scoop Dy 18 the same as scoop D except that a strip

of metal 1s cut from the slde of tkhe soop nose. Thils
strip tapers from nothing at the cormer of the scoop to 1
inch at the intersection with the fuselage (fig. 2).
Scoop Dz is similar except thet the strip tavers from no~
thing %o 2 inches., The scoop nose was trimmed back to see
vhat drag penalty 1s imposed by decreasing the nose radius
at the lntersection with the fuselege.

Scoop E (figs. 2 and 8) has straight sides, so that
the maximum area is the same as trat of the nose opening.
Scoop ¥ is aprrorimately conical in shape with a retio of
length to depth of 3. It was designed to test the form
drag only, having no exlt passage to provide for alir flow.

The noses of cscoope & to F ware directly below the
leadling edge of the wing. Scoop D was slso tried with its
nose 8 inches behind the leading edge to see if the prox-
imity of the wing had any stabilizing effect on the flow
over the scoop. In this positlon it is designated Dy,

A baffle plate with twonty l-inch holes (conductance
area = 10.2 8q.in.) obstructed the internal air flow for
scoops A, B, C, and D. Scoop E had no baffle plate and
scoop F was not tested with air flow.

The additional drag due to the cooling alr (reference
1) is given by

3/3-
ot = B (42)

For this model with KF = 10.2 'eq in., this equation hecomes



_ A s/2
ACpi = 0.002 (-;13)

Pitot and static pressure measurements were made to
determine the total pressure in the nose, ths pressure
drop acroes the baffle, and the velocity in the exit. In
the nose of scoop A, three rows of surface sitatlc pressure
orifices were installed to determlne the pressurs distril-
bution elong the suvurface., These were locatsd on the bot-
tom center llre, or tae cornsr where the scoop turned up-
vard, and in the fillet at the body Juncture, snd are desig-
nated a, b, and ¢, respectively, in figure 3.

SYMBOLS

A coasductance aree of baffle
a3 area of entraace
A aree of exlt
c mean aerodynamic chord of wing, 2.49 feet
c - loss céefficient due to angie of expension
.Cp drag coefficient (I/q,S)
ACD lncreass 1h.drag coefficient caused by scoop

ACp! calculated increass in drag coefficlent caused by
air flow

'Gf;: drag coefficient of scoop, based on its frontal
area o )

Op 1ift coefficient (L/q,S)
c pitching-moment coefficlent (M/q,cS)
drag force

n
D

¥ area of duct at baffle plate

k. .ratio of scoop frontal erea to.entrance area
K

conductance of baffle plate (4A/F)
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1
conductance of eantrance (
Ve (B - 1)
CNEAELT )
conductance of exit (43/7F)
l11ft foreeé
momént about quarter-chord point

Mach number

. atatic pressufs on surface, referred to static
pressure of alr strean

total pressurs in front of baffls plﬁte, reférred
to stat}c pressure of alr stream

total pressure in raar of baffle plate, referred
to static pressure of elr gtream

static pressure at exit, refer;ed”tp statlic pres-
sure of alr streamn. '

pressure drop a4cross baffle (py = »y)

pressure drop in entrance

pressure’ drop in exit

.bvqr-all ﬁreasuih difference when no eir 1s flowlng

;mpact pressurse of alr astream, referred to static
pressure of aib:stréam [1/2 pV2 (1 + 1/4 N? + ...)]

"dynamic pressure in duet (1/2 p?ja)

ngnyltyiof air flow -

__wing areg..ss.a sﬁuére feet

velocity of air streanm

velocity in entrance (Q/4,)

_velocity in exit. (Qf4p)

“vblocitilin_ducf at baffle pIate.-(Q/T) i




a engle of attack

o] mass dsnsiiy of alr stream

RESULTS ALXD DIECUSSION

Dreg.- The 1lift, drag, and pltching-moment coeffi-
clents as functions of angle of attack are glven 1in flg-
urees 2 and- 10 for the basic model ard tne model wilth
scoop B with air flow, respectively. ¥Figure 11 gives the
drag coefflciert O3 for the various test arrangements
plotted in poler form as a function of the 1lift coeffiax
clent C; wup to Of = 0.4. At the 1lift coefficlient cor-

responding to high-speed flight, 9.117, table I gives the
drag coefflclent aand the izcrsment ACD over the Dpasle
drag.

The drag coefficisnt of the model in the besle condi-
tion 1is 0.Cl38. Dsaucting the induced dreg aand the pro-
file drag of the exposed rortiom of the wing, as given 1in
raference 2, the fuselage drag may be taken as 0.0060.

The additlon of scoop A increased the frontal erea dy 22.5
perceat. The exvected drag increase is thus 0.0013 the wvalue
gntnc? i skredirs? for scoop A with the streemline nose (run 2).
When tue biuct nose is used, however, the drag 1s increased
slightly. Scoops 4, B, C, and D, each add a drag increment
of 0.0017 and scoop D, 0.0019, Ehe differencesbetween
these drag values are not eignificant, being within the ex-
perimsntel error, and 1% arpears thet there was no particu-
lar stablllzing effect due to the pressure gradient at the
leadling edge of the wing. %TLe dreg of the blunt nose at
gero alr flow 1s not the true measure, for the bluntness

is present to accommodete air flow. In several cases the
openlng of the exit to allow alr flow reducesd the drag,
though never below the basic velue of 0,0013. Inasmuch

as the calculiated cooling drag increment at maximum air
flow is only 0.0002, approximately the experimental error,
the scoop drag-incremente with coolinz eir should dbe 0.0015
£0.0002. The results in table I are therefore considered

a very good check, and indicate that an external ecoop in-~
stallation for an o1l cooler or intercooler can be made at
low cost,

Scoops-E and T were tested to show that an attempt to
limit the frontal area of the scoop to the inlet area re-
sults in very high drag increments because of the poor nose
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shape. Scoop E with a drag increment of 0.0085 has flve
times the drag of scoop B, .and scoop ¥ with .0.0137 has
eight times the drag of scoop B, almost doubling the model
drag. Scoops Dy and Dg (scoop D with cuts made at the
juncture) further 1llustrate the necessity for good flow
over the leading edge of the scoop. Scoop Dz almost
doubled the drag of scoop D. . - -

Coolinz vressure.~ The pressure readings at various
places in the entrance of the scoop, behind the dbaffle,

and in the exit are given as fractions of the dynamic pres-
sure in tables II and III, There is a considerable vari-
atlon in the velus of thls pressure at the several loca-
tions 1in the entrance. The boundary layer at ths surface
of the fuselage causes a lower pressure &t the top of the
scoop than at the bottom. Beceause of this pressure differ-
ence there is set up a swirl or cross flow in the entrance,
such that ths alr enters along the central and bottom por-
tlons of the scoop, passes toward the baffle, turns upwerd,
comes foiwerd along the ton of the emtrance, zid .apllls out along
the fillet. Because of tbis flow pattsra, tne survey tubes
are not alined with the local flow, giving an erroreous
pressure readlng. It is for this reason that the front
pressures aprear to be such a small proportion of the stream
g. Table II1I shows that at high rates of air flow (which
tend to eliminate the swirl pattern) the front pressure
readings come almost to stream q. At high angles of at-
tack, the alr flows obliguely across the fuselage, reduclng
the boundary layer underneath the fuselage. This smaller
boundary layer reduces the cross flow in the scoop en-~
trance, resultlng in a higher value of the front pressure.

The swirl in the entrance 1s an undesirable feature
from the standpoint of cooling, and an attempt should bs
made to eliminate the effect of the boundary layer by a
Plate separating the high and low energy air.

Jith air flow the pressure drop across the baffle is
glven, in table III. The pressure drop was taken as the
difference detween ths baffle pressure and the rear pres-
sure. The static pressure in the exit 1s omitted for
scoop 4 becavse of faulty measurements. The exit area was
apparently too emall for adequate air flow with scoop A.
However, the effect of the flap in increasing the pressure
drop 1s notable. TFor.the larger baffle conductance ap-
proximately 0.7q was obtained. It is realized that the
drag lncrease with flap was expensive from the standpoint
of drag, but 1n the take~of? and climb 1t is the cooling
that 18 all important.



Surfece pregsure sgurvev.- Observation of the pressure
distribution over the nose of gcoop & was made without

internal alr flow. This condition gives the maxzimum ex~
ternal velocities and therefore the most severe surface
pressure conditions. Surface pressures ars presented for
angles of attack of 1.1° and 8.7°, representing the high-
speed and climd conditions. The maximum negative pressure
on-the scoop nose cccurs et the lowest angle of attack,
Figure 12 shows tanat for an angle of atteck of 1.1° the
maximum negative p/q 1is 1.6, occurring on the center llne
of the scoop. This value of p/q corresponds to a criti-
cal speed of 420 miles per hour at sea level and 395 miles
per hour at 20,000 feet altlitude. By reducing the curva-
ture at the polnt of maxzimum negative pressurs, tae veloc-
1ty at tris polnt cen be reduced, thereby increasing the
criticel speed. In this manner a contour may be obtalned
satisfactory for any desired deslgn speed.

CCXCLUDIXG REKARK

Zhe most desireble place to tezke in cooling air for
accessorlies, such as o0ll coolers, intercooclers, etc., 1ls
at the nose of the fuselege or nacelle, even if 1t is ne-
cegsary to lncrease tha cowling area. =Zowever, 1f it is
necessary to taks eir in through a scoop or urcderslung
duct, low scoop drag ma; be secured by utilizing the deslgn
principles of the &ACA cowling. This design involves the
use of well-rounded nose conitours, thus giving a frontal
area much larger than the inlet arca. Scoops tested with
thls type of nose gave not only a low drag increase dut
a critical speed of 400 miles per hour with no alr flow.

Scoop drag was found to be quite insensitive to
changes lan afterpvody length 1n the rangs of four to eleven
times the scoop depth. Eowever, with gir flow, the drag
decreased slightly with increasing length, the lowest vel-
ue being ovtalned with ecoop A. This scoop was of such
length that it practically merged into the body without a
break in the contour lines, Complete disregerd of the
vrinciples of fairlng resulted in & scoop which almost
. doubled the dreg of the model.

Langley Memorial Aeronautical Ladoratory,
NHational Advisory Committee for Aeronautics,
Langley Fleld, Va..
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.- . APPEEDIX .

Analysis of Scoop Design

The results of this study may be incorporated into
the known principles of scoop design. The deslgn of a
scoop may be divided into two parts: the deslgn of the
duct and the deslgn of the external shape.

The duct.- The duet conslasts of an entrance area, an
expansion reglon, the working region, and the exhaust
reglon. Tor a carpuretor duct the carburetor is the work-
ing region and tkere 18 no exhaust region to be consldered.
The working region is the one 1a which the oll cooler,
prestone cooler, intercooler, or alr-cooled engine is
placed. The cooling specifications for this reglon in-
clude a certain guantity of alr flow § =2t a certain al-
titude (deterzining the air deneity p). The heat ex-
changer nas a frontal arsa F &nd 1ts Internal rssistance
1s such thet a pressure difference &4p 48 required to
secure the rejuired quantlity of air flow. Thess elements
may 2ll be lncluded in one quantity, the comnductance,
glven by

x = & [P (1) _
T 24p
1 /9Y . _a
or o P Sn V q
Ka = 2 \F / = -g 2 F = —F (2)
&p Ap ap

where Vp = Q/F and qz 1s the dynamic pressure in the

duct at the heat exchanger. For o0il and prestone coolers
K 1is approximately 0.F, for intercoolers 0.2 to 0.3, de-
rending upon design. Tightly baffled air-cooled englnes

vary from 0.10 to 0.18 depending upon the numdber of cyl=-

inders; loosely baffled engines may he as high as 0.5.

The over-all pressure difference AP 18 equal to the
difference between the total pressure at the entrance to
the duct system and the static pressure at the exit. In
addition to the pressure loss Ap across the heat ex-
changer, there 1s aa additional loss Ap1 due to expansion
in the entrance. Ap, and Ap are total pressure losses
and appear as drag of the cooling system. The pressure
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difference remeining after deducting Ap, and Ap from
AP 18 the differance beiween the %*otal presszure in the
exit passage and the statlc pressure at the sxit. This
pressure difference may be designated Apz and 1s, of
course, esqual to the dynamic pressure of the alr at the
exit, The pressuru equation 1s thus given as

AP = &p, + Ap + bDj (3)

If the duct system is very long, & further allowance will
nave to be made for friction and dberd losses.

Inasmuch es the entrance loss &p; is a total pres-
sure loss, wiereas 4pz 1s the dynamic pressure of ths
exit alr, it ls ssen taet any throttling of the flow
should occur by constriction of the exit., Throttling 1in
tke entrance reglon can be sccompllished only oy pressure
loss with & coneeguent increasse 1in drag.

Zntrance gnd exit conductances may be defined in a
manner similar to eguation (2).

£y° = ay/8p1 ' (4)

Za? = QF/APa (5)

Equation (Z) may be rswritter as

AP Ap el
er 82, . Lra
ip - 1t & tIp
/ T \® id )3
'=1+- o [ m—_— 6
\zl> (xa : (6)

In order to secure the propsr apportionment of the
over~all pressure AP, it 1s thus necessary to make X,
as large as practicadle (to reduce tha ontrance loss) and
to make Kz &8s small as is necessary to balance the egqua-
tion. :

The. entrance -conductance K, may be determined a8
follows. . The expansion loss in the entrance reglion in
passing from en area A; +to0 an area F 1s given by
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Apl = C pY

2 7/ A, \3
1 \} - ?f )

-~

Upoa substituting 4,7V, = FVp, then
=elon?(Z-1)°
Apl—capVF<A1 1

¥ 2
"ewr (G- 1)

vhere ¢ 18 a factor dspendeat upon ths engles of diverg-
ence of the valls (fig. 13) (refereace 2), and V, 1is the
velocity at 4,, and ?F i3 the velocity et F. Then

-]
_1_=92_:.__,°(_3';__1\ (7)
z.2 Ay J

1 q-r .

This function is given in figure l4. The range of c¢ 1is
from 0.13 to 1.21 spproximately 1:10; that is, the worst
internal expansion will have ten times the entrance loss
that a nerfect one would have. The effect of an expansion
angle lerger than the optimum can be easily compenseted
by increasing the entrance arse somewhat. (See fig. 14,)
Thus, an opening only slightly larger than the minimum
vill parmit & short entrance length.

From equations (2) anda (4)

1 Ap,
2 - a2
Kl K AP

Thue, with X and A4p specified, selection of Ap, de-
termines K,. OConversely, if the geometric design is
selected, Ap,; 1is determined, For example, for a radiator
vith a required pressure drop of 40 pounds per square foot
E2Ap = 10 pounds per square foot. If tne entrance area is
0.45 ¥, the entrance loss is between 2 and 18 pounds per
square foot. An increase of arsa to 0.56 F sets a loas of
8 pounds per square foot as an upper limit with 3 or 4 as

a more probable value. )

The problem of the psrmissible entrance loss is tied
up with the problem of secur ing’ adequate air flow in the
climd conditions. Because of the low alr speed the ensrance
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loss must be made small, The over-~all pressurs difference
may be improved by placing tha entrarce and exit in the
propeller slipstream. By fitting a flap to the exit under
these conditions, over-all pressure differeances four or
f%ve times the dynamic pressure may be odtained (reference
3}

The exit conductance Kz may be determined as fol-
lows?

2
bpg = % p¥a

=1 -} .za‘\é
2 Pv?_(ﬁ.)

- o ()"
F\\Az
for FV? = AgT75. Tae exit conductance is thus given as

Ea®? = qp/lpa = (a5/7)°
or
Kg = Ag/F (8)

dn exact method of determining the dimensions of Ag
for all flow coxdivions is rather difficult. Howevsr,
twvo general rules mar bs ueed e a first estimate: (1)
If Apg > 0.5q, the minimum area of the exit perpendicu~-
lar to the flow lines out of the slot 1s a good estimation,
(2) If Aps < 0.5q, &n area larger than that computed by
the a2bove formula will have to be nsed sinoce the veloclty
distributlion aecross the slot is not uniform.

Exterpal desisn.~ The flow pattern of the eir ap-

proaching the entrance determines the external design of
the scoop. If-the entrance velocity epproximately eguals
stream velocity the streamlines will be nearly straight.

A sherp lesding edge would be permissible under these con-
dltions. Vhen the ratio of sntrance velocity to stream
veloclty is low, the streamlines turn sharply outward and
after pessing the sdge of the scoop entrence must again
turn through approximately 90° to resume their originel
direction. This low -ratio is usually the condition with
high flight speeds, siance the upper limit of this ratio
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is determined by the cooling requirement 4in climd. 4
well-rounded nose contour is necessary to prevent the oc-
currence of high negative pressures wlth attendant com-
pressibility and separation losses. This design, of
course, nocessitates a projected frontal area much larger
than the intake opening in ordér to secure the proper
fairing, Just as 1n the case of the NACA cowling, the
radius of curvature of the longitudinal nose contours
should gradually lncrease toward the rear to avold a sudden
decreass of negative pressurse.

L-33.L

Afterbodies must be of sufficlent length to prevent
the occurrence of separastlon. An estimate of the proper
length may be obtalned from the tast results. It may be
well to completely merga the afterbody into the rest of the
alrplane.

Although %the proper entrance size will probebly be
determlined while dosigning the duct, it 18 of interest to
know the entrance area or scoop eize which will make the
sum of the internal and external drag & minimum in cruising
or high~speed flight. This may ba found 1f the form drag
coefficient based on frontal area Gf is Imown for the par-
ticular shape of the scoop. The frontal erea may be con-
sldered to be the maximum sectlon area bounded by the scoop
and the orlginal lines of the eirplene. The scoop drag 1s
equel to the form drag plus the drag chergeable to internal
flow losses. Expressing the frontal area as a coefficlent
times the entrsnce area kA, +the drag squation 1s

T N Qo
D = Cpqkd, + ¢ (—-1 b IR =
£35% LN A v

The rate of alr flow Q and maximum duoct area F will
be considered as fixed quentities. Differentiating with
respect to the entrance area, we obtain the relation for
minimum drag:

o+ 0 at - a0(2)° @ (L) 0

The value of %f— is unknown excent for the case where
1 .

the scoop falring remains geometrically similar with chang-
dk

ing size. Hare = 0 and the second term drops oute.

[Ap Q
If, in addition, we substitute KM/TE' for-—=

FV° the equa=
tion teakes the form

I




14
kG, - 20K° 9-3)3/2 { F) ( - 1>-=- o
£ ( q \ A

Degign Illustrations

The application of the ebove formulas to the design
of a low drag scoon is illustrated in tadle IV. The opti-
mum scoop desizn is obtained when the sum of the power
loss due to externni drag and the power loss due to the
internal expansion it a minimum. If the fcrm drag of the
scoop is largs, it 1s best to decrease the frontal area
at the expense of increasirg the internal expansion loss;
while, if the Zorm dreg 18 low, a small internal loss
gives the best design. If the internsl sxpansion loss
can be kept small by perfect expenslion ducts, high velocity
entrances may be usei; but ths esmount to be gaired by im-
proving the interral expanslion losg is vory small 1f e
low form dreg sccop ir used in the deeign. The &bove ob-
servetlions laad us %0 salact a ecoov that has low form
drag end a low velocity entraance.

The teble is constructed for a flight speed of 400
miles per hour and an altitude of 20,000 feet. ZRates of
flow are deternired for an intercooler with a conductivity
of 0.2 and & regulirzd pressure drop of 60 pounds per square
foot, and for & raliator with A conductlivity of 0.5 and a
pressure drop of 40 pounds per sguare foot, The expansion
coefficisnt to be used depends on the angle of divergence
bstween the duct walle and consequsntly on the distance
betweoen tke scoop antrance and tha ‘hecat a”changer. For a
rouné duct with an angle of divergence of 5y3. flgure 13
g€lves a loes coeffliclent of 0.1l3. A great duct length
would be necessary to install such a duct for usual values

A .
of A, and 1%. " Also, expanding ducts are usually neither
round nor stralght. The value of ¢ = 0.13 is nsed in tlre
table to represent a limiting condition rether than one to
be attalned. The value of .¢ = 1.0 ropresents a sudden
expansion,

The form drag coefficlent bezed on the scoop frontal
area, Gf, depends on how well thse scoopn is faired and how
much frontal area 1t adds $t0 the body on which 1t 1s
Placed. The lowest valuec obtainable is the increase due
to creating a nose opening in & streamline body without
increasing the frontal area. Reference 4 gives a value
of Cp = 0.008 for this case. This value may be regarded
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merely ag a lower limit for an entrance located approxi-

.mately at the forward stagnation point. For a well

felred scoop nlaced 80 that the frontal area of the alr-

Plane 18 increased oy an amouht equal to the frontal area
of the scoop, & value of Gf = 0,059 obtained with scoop

A may be used. The values of Co = 0.79 and Cp = 1.5

obtained with ecoopse B and F are 1included to skow the ef-
fects of high form drag.

The ratlo of projJected frontal area to entrancs
area, k, 1s determined from: the falring layout. Its wvalue,
of course, depends on whether the scoop is faired for a
low~ or a high-speed entrarce. Values of 1.0 and 2.4,
correspondlng to the scoops tested, are used in the table.

Column 7 of table IV is computed from the relation

_ Z
%-xv /-EB

Rearranging the equation for minimum drag by putting 211
known constants on the right side gives

k3
E o N (EN? 4

A’l } 'A'J_/ Ks/ﬂ‘:s,a
2¢c \\q)

A
The solution for iﬁ- may be obtained from figure 15 and

is given 1in column 8. The best entrance velocity, given

in column 9, equals (Q 4\ 80
¥/ ¥ )88’

The external form drag and the internal expansion
loss may be expressed as a parasite drag coefficlent based
on wing area.

0r (3) (1) () (L -1) %+ o,

The firet term represents the form drag, the second the
expansion loss, and GDP their sum. Numerical values

computed for F = 2,56 square feet and a wing area of 300
square feet are given in columne 11, 13, and 13.
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Table IV shows the shift of the optimum eantrance arsa

and velocity with change in Gf. In examples 1 to 4, as

Cy decreases from 1.5 to 0,008, the optimum 7% increases

A
from 0,112 to 0.414; %%. varying inversely with 1% .

drops from 0.94 to 0,26, Thils means that, as the form
drag 18 cecreased, 1% 13 most efficient to lower the in-
ternal loss by 1incrcesing the size of the scoop.

The effect of ckangling ¢ from 1.0 to 0,12, as in
examples 5 to 8, 13 epproximately to cut the optimum

Ay v .
?F in nalf and double —%. In examnples 9 to 16, the con-

ditions chosen for ihe raflator approxlimately doubled the

A
air flow; -il varies nearly as ;@ or is nearly doubled;
V.
?% is almost wuncaanged.

It mey be observed that the pareslte drag coefficlent
GD has the seame trend as th» form drag cosefficient Gf.
b
In ezamples 1 to 4, as C, is rsduced from 1,5 to 0,008,
ch drons from 0.0028 %o 0.0001.

Redveinzg ¢ from 1.0 %o 0.13 by introducing a gradual
expansgior 1s skown In execplea 6 to & to reducs ch over

40 percent. However, in cnanzaring examples 4 &nd 8, thilsg
reduction 1s too irslgnificent to show in the fourth deci-

v
mal place. IZxample 4 with 7%-= 0.25 1s similar to the

open-nose cowling., Evidently, witan this low entrance va-
locity 1t is ipmaterlal whether a sudden or a gradual ex~
pansloa 1s used. On the other haad, with a high entrance
veloclty a graduasl expansion must be used and the utmost
care must be teken with duct desiga to prevent excessive
losses. Irrsgularities in the entrence reglon easily upset
the flow, and mn ideel expansion 1s thus difflicult %o
reallize in prectlce. If the. lesizn calle for a small en-
trance and 1dceal expansior 1is no* recelieged, the internal
loss will be much greater than the external dreg saving.
It 1is therefore dasliroble to use as good an expansion as
convenient and to tse an expaneion coefficient of unity in
the deslgn comnu*ations.

It 18 ealvays nppeshaiylto cpmpére the internal pres-
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sure drops with the over-all pressure drop availlable for
all flight conditions., This comparison may demand the
use of.a scoop larger than optimum.

CONCLUDING REMARKS

The illustratlions show .that the optimum scoop 1s de-
termined by a compromise between the power loases asgo~-
clated with external drag .and internal losses so that the
sum of these losses 18 & minimum. Obviourly, 1f the scoop
has & lerge form drag, the size wlll be reduced and the

"internal losses will be increamased to obtain the best com-

promise. Conversely, if the scoop hes a lo¥ form dreg,
the frontel areas will be made relatively large thereby
reducing the internal losses to give the best compromise,

In the latter condition involving the scoop having
low form drag, a trivial reduction in power can be ob=-
talned by reducing the frontal area dus to employlng dusts
having ideal expansions, However, the experience and
knowledge reaquirad to obtaln this trivial gain are out
of all proportlon to the advantage to bs obtained.
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TABIE® I.- DRAG AND DRAG INCREMENT FOR THE TEST ARRANGEMENTS

[op = 0.127]

Run [Seoop) Cp | ACp ) Cp Conditlon

1] - |0.0138|~—=——=|-~—-| Basic: airplone with open nose and eir flow, no tail.

21 4 .0181:0.0013 ,0.C39 | Streamline nose on scoop; axit closed.

31 A .0155} .0017| .078| 4 = 5.5 eq in.; Ap =0

4| A .0151| .CO13} 089! A4 = E.5 sg in.; A, = 3 sq in.

51 A .0183| .0015; .C68| A = 5.5 8q in.; 4ap = 6 83 1n.

6] A .0195] .0057| .260 (A = 5.b aq in.; Ay =17 eg ia.; 30° flap.

7] A 0158 0015 .286)4 = 11.0 gq In.; &g = 3 8g lz.

gl & .0156] .CO18| .C82 | 4 = 11.0 8q in.; 4, = 6 8g in.

9] A | .0199] .co61| .283 | 2 - 11.0 gq in.; A, =17 sq in.; 30° flap,

10| B .0155| .0017| .0C78({ A== 11.0 8q in.; A5 =0 i

111 B 0153 .0015} .C68| 4 = 11.0 8q in.; 45 = 6.8 8g in.

121 ¢ .C156| .0017! .076 1 4 = 11.C 8q in.; An =0

13 ¢ | .0157] .0C19) (€74 =11.2 sq in.; Ap = 7.4 3q in.

14| D | .0157] .0019| .0871 4 = 11.: 8q in.; Adg =0

151 . D 0187 .C719( .087} 4 = 11.C 8q in.; A, = 5.8 eq in

16{ D,| .0163] .00385| .1l14| Juncturs cut back llla in., 4 = 1 Osqin.; 43 =0
1?71 D, .01 .0085] .180 | Juncture cut back 2%sin., 4 = 11.0 sq 1n.: Aa =0
18] Dx| .0X 0017} .C78| Scoop entrancs moved back 8 in., 4= 11.0ez in.,; L3 =0
19] = 0233] .0085} .93 | o bafifle, 4 = C

20 ® 0210 .0072y .79 | Ko baffle, 4, = 6 8q in.

211 F L0275 .013711.50 | Mo baffle, 42 = 0O

o

61
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TAELE 1I.- AVAILABLE OVER-ALL PRESSURR DIFFERENCE

4 DJ=

F :re, / |
Scoop @ ront pressure, DP,/q Rear Exit AP/ q
(deg) ¥ose Lip Baffle | p./a | P,/q
"2.1 0051 bk ad ol 0058 0566 "'0.22 0088
A 1.1 058 s & o .64 .71 -.18 .89
8.7 -73 hadadenhed a76 .83 —-07 .90
-3-1 0.50 0067 0.58 0067 0002 0.65
B 1.1 .59 73 « 64 .72 i «03 » 69
8.7 i ¢73 H .85 .75 .82 i 004 I 078
! \
—_—— : |
-2.1 c.51 2. 8% 0.57 0.65 | 0.09 | 0.56
c 1.1 .59 | .73 .64 L7110 L1l . 60
2.7 i 73 . 84 .76 .81 | .16 « 865
1 H }
H t :
| -2.1 | 0.52 | o0.60 | 0.58 | 0.s3| 0.0z | 0.61
] : i.1 ; «53 ! . 69 «65 .71 | .02 ! «69
= 8-7 1 -78 ] -78 -74 H .80 i .03 l .77




TABLE III.- PRESSURE DROP ACROSS BAFFLE PLATE

21

Front presseure, pf/q[
‘coop| o ) ¢ A | ¢ Ag Rear |{Bxit |4p/q
de 8q 1n. gq In. 7

(cee d e dose | Lip |Befele |Pr/%|Pe/C
-2.1 [ i 0.54 {~~-= | 0.60 —To.54 ~——--10.06
1.1 L 3.0 .63 | ~—mm .67 .59|-——=| .08
8.7 H 80 | ~m-- .80 e 69| === .11
-2.1 i .65 |~——=| .61 .40| --==| .21
1.1{> 5.1 |y 6.0 .65 | —=—m .63 45| ---=| .23
8.7 K eBl | ~m-- .78 eB3|====| .25
-2.1 3 64 | ~——= .87 -.19|--—~| .86
1.1/ +817.0 N .76 | =.16[=---=| .91
A | 87y b | .66 laeeet 79 | -l0B]---| .87
-2.1] F ! .54 .- i .59 bBl)—mmm | =
1.1; ; 3.0 | .64 j~=oe! .65 | LE7j=mm=|=m—m
8.7 | .8l jem-m .77 i 7Bl e |
-2.1] A I .66 |---- 1 .81 | .B7|-=-=1 .04
1.1=r-1c.2 b 6.0 l .65 [~===| .67 ! .62|===~]| .05
B.7, K | .64 |~-==| .79 | .72{--=-] .07
-2.1] D ' J74 [~—~= | .71 | .10|~=-=] .61
1.1, ~817.0 | .83 j---=! .76 | .18/-e-] .63
8.7 1 J- | .94 | ---- L' .82 | .20)----| .62

T [ —1 = H
-2.11 ! 10.68 10.79 | 0.54 to.57!10.12]0.07
B | 1.1y 0.2 | 6.8 | .70 | .85, .71 .63| .13| .08
8.7 | | .83 | .90 | .80 .68 .15] .12
1

-2.1 0.5¢4 i0.74 | 0.61 0.57:0.24{0.04
c | 1.1| 10.2 7.4 .64 | .79 .67 .61l .26| .06
8.7 i .82 ! .89 .78 .70l .32| .08
-2.1 0.68 {0.60 | 0.66 0.66|0.130.11
D | 1.1] 10.2 6.8 .68 | .67 .71 .60| .12{ .11
8.7 , .82 | .78 .82 .67| .1B6| .16
-2.1 10.70 |==== | ===~ l0.,39]|C.05 |--=-
B | 1.1] Open 6.0 76 | e | —mem 48! ,10 |--=-
8.7 : o83 |mmem | mees .68 .16 |-=~-

8rhe 30° flap.
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. TABLE IV.-~ SCOOPS FOR KINIMUM IRAG

W] e [e]w[elenlo]olal as (12)* (13)»
I
| g | a) sy
Exampl X 1b e Cr | k| Q/F | A,y LY i AT AD T T
8q ft) |(fos); T ,(mb)| ¥ | ¥ ﬁ“‘s(?r) "';'1) s| o
e = — =5 === _I -—-:-.;::.--_._.i‘._._i _.i._
S | g.h 1.8 11 | !o.na! 373 | 0.9¢ | 0.0020 0.0009 0.C029
2 o o By 79 i1 g =gl -186; 509 | .77 { .0013 0005 .0018
g Il o £ .059!2.4;" "% 234l 179 | .as } .0004 .0002 1 .0006
4 el o L2 .008 2. 4i josaf101l .28 | L0001 .0000 .0001
5 B é&b.ls 1.5 1 | i\ 057 784 1.8 | 0.0010 (.0005 0.0015
6 » @) 18] .79 (1 1o <.l 0711 594 '1.48 | L0007 .0003 .0010
7 A Hel 13| .0E9i2.4 03] 321 ] .85 | .0002 .0001 .0003
8 1° 1.18] .ous's.4 250] 182 | 5 { L0001 .0000 .0001
9 'g gooj1.8 11 10.215] 592 ; (.98 | C.0C2° 0.0015 1.0064
10 i i pil 2941 [ o 285 323 | we1 | .o0Es .0009 -.0033
11 B yh .059'2.41189-61 4301 109 | .50 | .0007 .0003 .0009
12 » m% .0082.41 ! .zes| 185, .51 | .0002 .0000 _.0002
13 || 808! 0 [T 1 16.115; 746 T1.86 1 0.0091 0.0009 T6.6050
; - | = '
14 b ’gﬁ'l 13! e iﬁ 195 .6 .11 608 | 1.52 .0013 .0006 t 0019
15 ] kol .13 .059|2.4 240 557 | .8 | .000s .0002 .0008
16 1= ] .13l .o008i2.4 | .«251 2021 .50 | .0001 .0000 .0001

*Calculated for F = 2.5 8q ft and S = 300 sq ft.

ge
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FIGVRE I - LAYOUT OF TEST ARRANGEMENTS SHOWING SCOOPS A, B, AND G.
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F 1GURE 2 - LAYOUT OF TEST ARRANGEMENTS SHOWING SCOOPS D,E,AND F.

Z ‘Big

WA



NACA Figs. 3,4

TR LR O D I D

Figure 3.- Nose for scoops A,B, and C. Static pressure
orifices at &, bottom center line; b, corner;
and ¢, fillet.




Pigure 6.~ Exit of scoops B end D.

Figs. 5,6



NACA Figs. 7,8

Figure 8.~ Model with scoop E, exit open.
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Figure 9.- Force test results
on basic model.
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Figure 10.- Force test results on

model with scoop B,

air flow.




